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LONGITUDINAL BALAN:!irG OF AIRPLANES.* 
By Albert Eteve. 

One of the most irr.portant operations in tl^e Gorrrletion c: en 
airplane consists in veriJ'ving the center of li.^t, the oonstruntc 
having had only the information lurnishei by thi? a^ercdyn?-^-: c iab- 
crator^' fror. tests on small iTxOdels. This inf ormc-tion is usually 
sufficient, but, due to inevitable differ-Drces in weight and drag 
of the various parts of the airplane, as designed and as con- 
structed, it is absolutely necessary to correct the center of 
lift, the accuracy of which is usually determined by the test 
pilots. 

Moreover, on airplanes in use the center of gravity gradujJ.ly 
shifts, due to variations in the :?7eight of certain parts (engine, 
radiator, etc,) or in the drag (due to -.varping, roughening of ^"^ ? 
surfaces, etc). Here again tests of the center of lift are nec- 
essary and --ust often be followed by iirportant corrections, ofxcn 
iinpossible to accomplish, because the constructor had made no 
provision for adiustments. 

The object- of the present oommunicatior is to vleter^ine the 
best method for locating the center of lift of an airplane and to 
provide a method for making corrections. 

The method ernplo-^3d is ver^ simple, being based on the posi- 
tions given the elevator during flights at different speeds. The 
elevator, in fact, produces a couple which offsets the couple re- 
sulting from variations in the center of lixt^ 

* From "Premier Gongres International de la Navigation Aeri- 
enne," Paris, November, 1221, Vol. IV, pp. 489-^7b, 



Let us refsr to the iiagram prepared In the Fiffel Laboratory/ 
relative to the variations in tha center of lift of the Hanriot 
airplane (p, 125 of the "Resuire lea derniers travaux exe'cutf^s pen-- 
dant la guerre") (Fig, 1). This diagrarr furnisnes, for each posi- 
tion of the elevator, a curve Vnose abscissas are the positions 
of the center of lift and Those ordinates are the corresponding 
angles of attack. TTe thus find that stabixity is assured for ?i>l± 
practical angles of attack corresponding to a certain position 'f 
the center of gravit';, only when the vertical line from this 
point encounters none of the branches corresponding to points •:: 
unstable equilibrium. Can a diagram be drarn for a full^sized 
airplane, in order to make the same verification? 

It ^ould seen: much simpler to transform, this diagram, by ta>- 
ing the angles of attack as abscissas and the positions of the el- 
evator as ordinates, 77e thus obtain ?et cf curves ocrrespond- 
ing to I'^arious positions o^ the center oi l:ft. E.g. , curve 40 
of Fig. 2 furnishes all the values of the angles of attack and 
of the corresponding positions of the elevator, for irhich the 
center cf lift is located at 40fc of the Tir.g chord. The curves 
thus obtained are called "center cf lift curves. " We find on 
these curves all the properties of the Eiffel curves. For a giv- 
en center ox lift, the equilibriijm: is stable only when the curve 
of the center of lift has no branches corresponding to unstable 
equilibriums. 

It is thus seen that the Hanriot airplane is stable bclc'r 3^ 
and above 13^ (descending branches of the curve) and is unstable 
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between theae iir.ite (asoendlncr branches of th<z^ curve). T^ith the 
center cf -cressure at 30%, it is al-vays sta.ble. 

The Eiffel <^.urves pre^^^ent dis continu?.ties ^vhich disappear in 
the ce:iter-of~lix t cTirves. The^e discontinuities ar^ re^rlsced 
a crossing center of the corresponding^ c'jirves for the Hanriot air- 
plane at an angle of attac>: of 2^ , i. e. at the ordinate of the 
acyr.ptote of the Eiffel curves relative to the angle of attack for 
Th:ch the resultant is para?.lel to the axis cf the propeller. 

oimilar verifications na^' be made on diagrains of the Henri 
Paul airplane (r"is:s, 3 and 4). 

I ^"^vCti cal Airpxica tions , 

In order to dster.nine experir^entally the center-of-lif t 
curve of an airplane, it is only necessary to find, for different 
speeds, the ?.ngles of attack of the *^vings and the co -^responding 
positions of the 3lev^\tor, It is possible to determine these for 
angles of attack between 0^ and about 15^. 

If it is noted that it is only necessary to kno^v the course 
of the curve to conclude whether the airplane is stable or not, 
it is evident that the variable angle of attd.ck may be replaced 
by another variable varying in the same direction, which is the 
case of the relative speed. 

For the different speeds under these conditions, the pilot 
deterniines: 

1. The relative speed, by means ox a tachometer; 

2, The angu-lar position of the elevator by means of a point'^i 



moTing in front of £- dial and connected with one of the elevator 
.X)ntrols vguisncls) by rrieans of an inextensible Tire held by a 
spring. The control stick might serve the purpose, but the read- 
Irgs would be vitiated by the play of the controls ( coriTnandes ) . 
Fote that all these indications may be recorded, if necessary, in 
order to serve for control. We thus have all the necessary data 
for dravTing the center-of -Ij ft cur^^e of the airplane. The exai^ina- 
tion of this curve ^:7ill shcr iir'Tnediately v:hether the airplane is 
stable. From it there is likerrise deduced the direction of the 
necessary correction in the contrary event. 

, Take, e.g. , the C5.se of the Henri Paul airplane. The firat 
test T7ith the center of lift at 4a/c gives the maximum curve. The 
airplane is therefore unstable at snail angles of attack and the 
center of gravity must be moved forvrard. The second test T^ith the 
center of lift at 30;^ gives a curve indicating good stability. 

It may be of interest to find whether the center of gravity 
may be given some interm.ediate position between 50 and 40>% A 
test is made, e.g. , at 35?-c. If ^ the curve still has an ascending 
branch, the center of gravity is too far back. Otherv-ise, the 
center of lift is correct. 

It is thus seen that, ';/ith the aid of a fen experiments, the 
best position for the center of rravity can be determined with 
precision and in a logical ranner. This method may be employed In 
all cases, both with test airplanes and with used airplanes. 

In the former case, the result obtained enables the construct 
or to determine the position which the wings must occupy with 



specx to the fuselage and, consequently, to specify definitely the 
structural details of the partd of the a3seinbly. 

In the latter ca^^^e, it enables the det era? nation of the 
change in the center of lift caused ty the gradual distortion, due 
to fatigue, of the various parts of the airplane. 

The methods of adjustment now amployed do not suffice for 
correcting the defects of a largre number of airplanes. Some means 
of shifting the whole or a portion of the wing structure must 
therefore be provided, as ::as done in the beginning cf aviation. 
Only in this way, can airplanes stand long usage, 

Bracti cal Genter-of->Lif t Teste . 

If an airplane has a propeller whose line of thrust passes 
through the center of gravity, the presence of the thrust does not 
interfere with the tests. The practical procedure must, however, 
be the same as though this ^ere not xhe case. The tests are di- 
vided into two series: gliding teste and tests under power. 

The former show -whether the wings are well located. The air- 
speeds and zhe positions of the elevator are recorded during 
flight at a constant R.PoM. 

The latter tests show the disturbing effect of the thrust. 
It is interesting to make them under normal flight conditions, 
e.g,, in horizontal flight at different altitudes, at different 
speeds, or in climbing under, full engine power. 

Examination of the curves shows whether it is possible to 
correct the disturbing influence of the engine by inclining its 
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supports so as to >ncdify the change in the center of lift couple 
resulting from the action of the propeller thrust. The import 
ance of these tests is therefore obvious. 

This method, which T7as invented in 1916, in order to correct 
the center of lift of an airplane which had often given trouble, 
was investigated the Eiffel laboratory, -Thioh felt the neces- 
sity of supplementing its aercdynarriic reports with stability 
diagrams. 

These diagrams have the form indicated in ?igs. 1 and 3. 
We consider the curves of Figs, 3 and 4 of the most immediate 
utility, because they conform the closest to experience in flight. 

We are thus led to the conclusion that the adoption of this 
m.ethod of testing \7culd render great service to airplane con- 
structors, as well as to civi3 and military inspectors, who h.o-e 
to make navigability teets of airplanes in use. 

^'?oreover, by direct ?vpplication of the results obtained in 
the laboratory, it would enable a closer cooperation of the lab- 
oratory and the airport, which cooperation is becoming more and 
more necessary for facilitating the progress cf aviat:on. 

Translated by the national Advisory Ccm^.ittee for Aeronautics. 
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